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ABSTRACT

In May 1985, we initiated the first two years of a ten-year
monitoring study designed to assess the potential effects on fishery
resources in the Idaho Panhandle's Coeur d' Alene River and Hayden Creek
wat er sheds from the construction of the BPA Taft-Bell 500 kV power |ine.

During 1985 and 1986, we surveyed a total of 21 streans in the Coeur
d' Alene River and Hayden Creek drainages. In those streans, we estinmated
trout abundance in 52 snorkel and 16 electrofishing transects, collected
sedi ment core sanples from 66 transects and neasured substrate
enmbeddedness at 61 stream |ocations. We also conducted trout habitat
inventories on all 21 study streans. The results from the first two
years' work established a monitoring framework and provi ded baseline data
to conpare with the eight years of information follow ng the conpletion of
construction activities in 1986.

Coeur d'Alene River tributaries are generally supporting |ow
densities of trout. Although our sedinent analysis suggests that
cutthroat trout spawning success in Coeur d' Alene River and Hayden Creek
tributaries could be depressed, there is no significant relationship
(p?0. 05) between either percent enmbryo survival estinmates or percent fine
sedi nent measurenents and overyearling trout densities. Analysis of the
first two years of data and our field observations indicate that instream
habitat conditions may be nore limting to cutthroat trout popul ations
than the effect of fine sediments on enmbryo survival. These prelimnary
data do not allow an analysis of Taft-Bell construction effects on trout
popul ations in the study streams. A conprehensive eval uation of Taft-Bel
effects on trout populations in the Coeur d' Al ene River and Hayden Creek
drai nages will be nade at the end of the ten-year study.

Aut hor :

Mark S. Ganblin
Fi shery Research Bi ol ogi st
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| NTRODUCT! ON

Beginning in the spring of 1986 through the fall of 1987, the
Bonnevill e Power Adm nistration (BPA) will construct the final leg of the
Garrison-Spokane 500 kV transmission |line across northern 1daho.
Extending from the Taft substation near Saltese, Montana, to the Bell
substati on near Spokane, Washington, the Taft-Bell transmission line will

conplete the final link between the Colstrip power generating facility
| ocated east of Hardin, Mntana, and the BPA power grid at Spokane. As it
crosses northern Idaho, the route of the Taft-Bell transmi ssion line

traverses a nunber of drainages inportant to the mai ntenance of val uable
salmonid fisheries in the Coeur d Alene River, Coeur d' Al ene Lake and
Hayden Lake (Figure 1).

Historically, the Coeur d Al ene River, Coeur d' Al ene Lake and Hayden
Lake supported exceptional westslope cutthroat trout Salnpo clarki |ew si
fisheries. Among other northern ldaho waters including the St. Joe and
Moyi e rivers, the Coeur d' Alene River was recognized in the early 1900s as
one of the top trout fishing waters in the United States. However, by
1970, cutthroat trout numbers had declined dramatically due to angling
overharvest and | oss of habitat from nmining, |ogging and road construction
activities. A 1973 study characterized the Coeur d' Alene River trout
fishery as marginal, being supported by low nunmbers of fish (Bow er
1974). 1In 1975, the Idaho Department of Fish and Gane (IDFG i npl enmented
restrictive angling regulations on the upper nminstem and North Fork of
the Coeur d' Alene River. Those regulations (13 in. mninmm size; 3 fish
daily limt; artificial lures only) were patterned after simlar
regul ations on two nei ghboring drainages (St. Joe River and Kelly Creek)
whi ch successfully reduced overexploitation and increased cutthroat trout
nunmbers (Johnson and Bjornn 1978). However, trout populations in the
Coeur d'Alene River did not respond to the regulation changes as hoped.
Lewynsky and Bjornn (1983) reported that although cutthroat trout nunbers
had stabilized in the upper Coeur d'Alene River, overall size and nunbers
of fish had not increased. By 1985, |IDFG closed the upper Coeur d'Alene
River to the harvest of trout in order to protect those populations. As
t he agency responsible for managing fish and wildlife habitat in the Coeur
d' Alene drainage, the U'S. Forest Service (USFS) has inplenmented I|and
managenment regul ations for the protection of cutthroat trout popul ations.
Respondi ng to public concerns about declines in fish habitat quality, the
USFS in its draft 10-Year Forest Plan (April 1985) withheld 49 stream
drai nages on the Idaho Panhandl e National Forest (IPNF) from schedul ed
ti mber harvest and road construction activities.

Envi r onment al criteria by which the Forest Service designates
drai nages for nonscheduled status includes density of roads in the
drai nage, percentage of the drainage with tinber harvest and neasured
Il evel s of instream fine sedinents. Designated nonschedul ed drainages are
wi thdrawn from major tinmber harvest and road devel opnent activities for at
|l east a ten-year period to all ow watershed recovery.
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Figure 1. Coeur d'Alene River basin, Coeur d'Alene Lake, Hayden Lake and
Taft-Bell transmission line route, northern Idaho.



The USFS and the |IDFG are concerned about the potential for
additional loss of fish production and habitat because the Taft- Bel
transmission line will bisect the heart of the Coeur d' Alene River system
i ncluding 11 nonschedul ed drainages (Figure 2) at a time when cutthroat
trout popul ations are depressed. In response to those concerns, the BPA
as part of its Mtigation and Monitoring Plan, is funding a ten-year joint
USFS/ IDFG fish habitat and population nmonitoring study. Proj ect
participants agreed on ten years as the project duration in order to
ensure an adequate ampunt of time to evaluate potential effects on fish
popul ations by the Taft-Bell project. During the first tw years of this
project, the IDFG is responsible for the design and inplenentation of the
ten-year study. USFS biologists will carry out the subsequent eight years
of stream nonitoring.

OBJECTI VES

The mjor objectives for the entire ten-year nonitoring study are
t wof ol d:

1. To assess the effects of the Taft-Bell transmnission project on trout
habitat and populations in selected Coeur d' Alene River and Hayden
Lake tributaries; and

2. To evaluate the effectiveness of BPA nitigation measures designed to
reduce inpacts to trout habitat and popul ations in Coeur d' Al ene River
and Hayden Creek tributaries effected by the Taft-Bell transm ssion

i ne project.
The objectives of this phase of the ten-year nonitoring study were to:
A. Design a study to neet the two overall project objectives.

B. Collect the first two years of baseline trout density and stream
sedi ment data to conpare with postconstruction data.

C. Docunent any point-source sedinent contributions caused by the
Taft-Bell project.

D. ldentify those study streans npst inportant for the production of
west sl ope cutthroat trout.

E. ldentify factors, other than fine sedinment, which may be limting
west sl ope cutthroat trout production in the study area.
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Figure 2.

Taft-Bell transmission line route and IPNF unscheduled stream drainages, northern Idaho.



DESCRI PTI ON OF THE STUDY AREA

The Coeur d'Alene River drains a watershed roughly 2,320 kn?
(895 square mles) in an area bounded to the east by the Bitterroot
Mount ai n Range, to the south by the St. Joe Mouuntain Range and to the west
by the eastern portion of the Colunbia Plateau. The terrain within the
drainage is steep, with sidehill gradients typically ranging from 50 to
70X. El evations range from640 m (2,100 ft.) to 2,080 m (6,826 ft.).

The Coeur d'Alene River drainage is entirely underlaid by netanorphic
sedinent material (argillites and quartzites) of the Belt supergroup.
Soil formations are generally a noderately deep (51-102 cm 20-40 in.)
| oam conplex with a conparatively |low potential for surface erosion and
mass failure. Soil mapping has distinguished five major soil units within
the drainage, two of which are pronmnent in the study area and are
devel oped on hard bedrock (hard quartzite, argillite and sandstone).
These soils vary in depth from 51-102 cm (20-40 in.) and contain a |arge
amount of coarse fragnments which increase with depth. Goup IV soils are
found at higher elevations (1,372 m 4,500 ft.) on forest nountain and
ridge tops and are devel oped over both hard and soft argillite bedrock.
Road building and other forest nanagenment problens are expected on these
soils because of shallow depths, dip in bedrock and large amounts of
coarse fragnments. Overall, the soils in the Coeur d' Alene drainage are
hi ghly stabl e.

Annual precipitation in the drainage averages 111 cm (44 in.) and has
ranged over the past ten years from 69 cm (27 in.) to 160 cm (63 in.).
Peak wi nter snowpack runoff occurs in March and April, although
rain-on-snow events are common in winter nmonths and frequently result in
m dwi nter floods. Peak flows during rain-on-snow events are often twice
the average spring runoff peak.

The Coeur d' Alene River drainage is intensely managed for tinber
production and harvest and, consequently, is heavily roaded. The Fernan
Ranger District which enconpasses the majority of study streans has
roughly 2,500 mles of road, with a nmean road density of 4.5 mles of road
per square mle area.

The conbination of steep terrain, highly fractured bedrock parent
material, high precipitation punctuated by wi ntertinme rain-on-snow events
and high density of roads are inportant factors influencing the channel
nmor phol ogy and stability of Coeur d'Alene River tributaries and trout
popul ati ons.

RECOMMENDATI ONS

1. Continue to wuse cobble enbeddedness as a neasure of sedinent
recruitnment.

2. Use the Tappel technique as the primary nethod of estimating enbryo
survival .

COVPREP



3. Continue to use percent sedinent less than 6.4 mm dianeter and the
Fredl e index as measures of sedinent conposition, but do not use them
as estimators of enmbryo survival.

4. Monitor Scott, Tie, Leiberg and Line creeks on a yearly basis and the
remai nder of the study streans on an alternate year basis.

METHODS

Four categories of observations were gathered during this project.
In 1985, we assessed trout abundance, trout habitat and sediment levels in
stream substrate to provide baseline observations against which to neasure
potential effects of the Taft-Bell power line on trout popul ations. W
al so nmonitored specific construction activities such as culvert placenent
and stream crossing work to docunent point-source sedinment recruitnent in
selected streams. In 1986, we estimted trout abundance, collected
substrate sedinment data and again monitored construction activities.
During the spring of 1986, we also trapped outmigrating trout in selected
streans to identify inportant streanms for adfluvial cutthroat trout
producti on.

Trout Abundance

Trout abundance transects were selected downstream from construction
activities for observations of power |ine project effects. W also
establ i shed trout abundance transects above construction work in two study
streans to provide control observations. These transects were selected
from stream sections representative of good trout habitat and were
docunented wth witten descriptions and photographs to facilitate
identification in the future. | considered pools and runs wth overhead
cover and water depths greater than one foot to be preferred trout
habitat. Wen possible, we estimated trout densities using conventiona
underwat er snorkeling techniques described by Lewynski (1983) and Thurow
(1976). When low water or poor visibility made snorkeling inpractical
trout densities were estimted using electrofishing equi pment and a
two-pass depl etion nethod (Seber and LeCren 1967). Fi sh enunerated by
snorkeling observations were recorded by species and age group.
estimated the age of observed fish (designating them as fry, age 1+, age
2+, etc.) based on known length at age data collected from study streans
during the project (Table 1) and their apparent length frequencies while
snorkeling. Fish collected with electrofishing equi pnent were neasured to
the nearest mllineter and were recorded by species

The total length and nean width (from a mnimum of ten equally spaced
measur enents) of each snorkel and el ectrofishing transect were neasured as
soon as possible followi ng each abundance estimate to derive fish
densities (per 100 nf) for each study streamtransect. El ect rofi shing
transects were generally 100 m or nore in length. Snorkel transect
| engths varied, depending on the size of each stream and its norphol ogi ca
characteristics. Mdst snorkel transects were 20-40 min length

COVPREP



Tabl e 1.

Length at age data for cutthroat trout from Coeur d' Al ene River

tributaries, northern | daho,

1985 and 1986.

Medi an Mean Length
Age N length (nm length (nm range (nmm S. E.
1+ 29 93 99 71 - 158 4.1
2+ 33 125 129 82 . 175 4.3
3+ 15 160 167 138 - 220 7.0
4+ 4 173 180 163 - 199 7.8
8
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Spring Mgrant Cutthroat Movenent

During the spring of 1986, we nonitored downstream nobvenent of
juvenile cutthroat trout in selected streams to identify tributaries
important for the production of fluvial or adfluvial stocks. Previous
i nvestigators have docunmented a springtine downstream migration of
juvenile cutthroat trout presuned to be destined to rear in the |ower
river or |lake (Averett 1963; Rankel 1971; Lukens 1978). A portable fyke
net trap was used to nmonitor each selected stream for at |east one 12-hour
ni ght period. Most streans were nonitored on two or nore nights.
Specific sites were selected for trap placenent to ensure optinmal trapping
efficiency. Channel constrictions near the channel nmouths offered the
best opportunity to intercept the majority of downstream trout novenent.
Because we did not conpletely weir the channels, we could not be certain
of 1002 trapping efficiency; however, in nost cases we were able to
intercept nearly all of the stream channel. | estimated that trapping
efficiency was 752 or better at each trapping site. Qur objective was not
to generate accurate estinmates of downstream novenent, but rather to
understand the relative contribution of each stream to a mgratory
cutthroat stock in the Coeur d' Al ene River drainage

Trout Habitat

We used a stream habitat evaluation nmethod (Appendix A) devel oped by
| PNF biologists to inventory trout habitat in each stream study reach.
Study reaches of stream being nmonitored for construction effects include
control and inpacted sections. Beginning at the |lower end of each stream
study reach, habitat types were selected for nmeasurenent by pacing a
previously determ ned random nunber of steps upstream Wen the surveyor
stopped, he classified the stream habitat type at his position and
measured its total Ilength and average wdth (from equally spaced
intervals). Habitat types classified by this method include four poo
classes (1-4), runs, glides, pocketwater and riffles. Suitable spawning
sites at least two square neters in area were counted in each survey
section: and roughness elenents, such as |ogs, root wads or boul ders,
creating instream cover and spawning sites were recorded. The gradient of
each survey section was measured using a pocket clinoneter. Structural
features such as undercut banks and overhangi ng vegetation which provide
overhead cover were also recorded. After conpleting these nmeasurenents
and recording his observations from the selected stream habitat section,
the surveyor again paced a random nunber of steps and repeated the
procedure to the end of the stream study reach

Substrate Sedi mnent Conposition

We assessed the suitability of stream substrates for cutthroat trout
spawni ng by analyzing core sanples collected with a 15 cm dianeter MNeil
substrate sanpler and a 15 cm dianeter sanpling tube patterned after the
McNeil sanpler (Figure 3). Coring transects (three per treatnent or

control study reach) were located i n potential spawning areas |ocated
at
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Figure 3. a.

e e
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"tail-outs" (downstream depositional areas) of pools. The core sanples
were coll ected by pushing the sanple tube into the substrate to a depth of
13 cm (5 in.) to approximate the depth of cutthroat trout redds (Smith
1945) and renoving the core sanples (3 to 7 at each transect) by hand from
the tube. Each sanple was individually sacked, |abeled and |ater analyzed
at the IPNF soils analysis l|aboratory at Sandpoint, Idaho. The core
sampl es were oven-dried for three hours at 82°C, then sorted through a
geonetric sieve series (64 mMmm 32 mm 16 nm 9.5 mMm 8 mm 6.4 mMm 4 mm
2mm 1 mm 0.85 mm 0.5 mm 0.25 nm 0.125 nmnm 0.0625 mm) for four
m nutes on a Ro-Tap nechanical shaker. The percent particle size
di stribution of substrate sanpled at each transect was cal culated fromthe
wei ghts of the individual sieved fractions of the core sanples taken from
the respective transect. The overall suitability of the stream substrate
at each transect for cutthroat trout spawning was estimted from the
percent particle size distributions using nethods devel oped by M<Cuddin
(1977), Tappel and Bjornn (1981) and Lotspeich and Everest (1981)
(Appendi x B).

The percent enbeddedness of |arge substrate matrix particles in fine
particles (less than 6.4 mm diameter) was also neasured using the method
described by Burns (1983). Wth this technique, particle enbeddedness is
measured for a mninum of 100 randomy selected particles (Figure 4). The
degree of substrate emnmbeddedness is described by two statistics: percent
particle enbeddedness and the percent of nmeasured particles free of
embeddedness.

On-Site Monitoring

Monitoring of site-specific point-source sediment recruitment was
conducted on a regular basis and consisted of witten descriptions of
observations, in addition to photographs taken at permanent |ocations
(photo points), to docunent slunping of road-fill material, surface
erosion, «culvert failures or other significant point-source sedinent
contributions to the stream

RESULTS

Tr out Abundance

Speci es Conposition

Cutthroat trout were the predominant trout species in the study
streams. | also observed snmall nunmbers of brook trout Salvelinus
fontinalis in eight streams and found rainbow trout Salnmo gairdneri in
five study streans (Table 2).

11
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A

Matrix Particle

(4.8 cm+d<30.0cm)

Plane

Fine Sediment
(«6.3mm diameter)

Figure 4. Embeddedness [E=d2/d1(100)] is defined as the percentage of the longest diameter of a matrix
particle which is perpendicular to the plane of embeddedness (PE) divided into the portion (02)
of the length which is below the plane of embeddedness (Burns 1984).



Tabl e 2-a. Trout overyearling (age 1+) and fry densities in Coeur d' Al ene
Ri ver and Hayden Creek tributaries,

nort hern | daho,

1985.

Trout densities (fish/100 n¥)a

Age 1+
Stream CTT BKT RBT Fry
N. Fk. Hayden 46. 7
E. Fk. Hayden 24.5 2.1
Bl ack Canyon 10. 3
Scott 10.2
Copper 8.9 3.6 5.7
Onaha 7.9
Hudl ow 8.1 0.3
Lei berg 8.0 0.1 5.1
Tie 5.8 0.4 0.4
Ni chol as 5.1
Li ne 4.9 14.5
Laver ne 3.4
Cascade 2.6 2.6 2.2
Henl ock 2.5
Al der 2.3 0.6
Boot j ack 2.1 2.1
Pi cnic 7.5
Cedar 0.5 0.7 0.2
Skookum 0.4 0.5
Burnt Cabin 0.4
Snith

a8CTT - cutthroat trout
BKT - brook trout
RBT - rai nbow trout

PFry densities were too great to count accurately.
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Table 2-b. Trout overyearling (age 1+) and fry densities in Coeur d' Al ene
northern | daho,

Ri ver and Hayden Creek tributaries,

1986.

Trout densities (fish/100 nf)?

Age 1+

Stream CTT BKT RBT Tot al Fry
N. Fk. Hayden 56. 6 2.8 1.4 60. 8 105. 8
E. Fk. Hayden 35.2 4.0 0.2 39.4 68. 7
Bl ack Canyon 12. 4 12. 4 8.8
Scot t 7.9 7.9 1.3
Copper 8.0 6.0 14.0
Oraha 18. 3 present present 18. 3 29.4
Hudl ow?
Lei berg 6.8 6.8
Tie 13.1 13.1 0.6
Ni chol as 5.2 5.2
Li ne 29.9 29.9 11.9
Laver ne 4.4 4.4
Cascade 3.8 3.8 0.9
Hem ock 3.1 3.0 6.1
Al der 1.7 3.3 5.0
Boot j ack 1.3 1.3
Picnic 9.4 9.4 1.6
Cedar 0.7 0.7 1.5
Skookun?
Bur nt Cabi n®
Smi t hP

aCTT = cutthroat trout

BKT = brook trout

RBT = rai nbow trout

®Not sanpl ed.

14
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Trout Densities

Trout densities were low in the mjority of streams, especially in
tributaries to the North Fork Coeur d' Alene River. Densities in the 21
streans surveyed during 1985 varied considerably, ranging from 40.7 age 1
and older trout per 100 n? in the North Fork of Hayden Creek to no fish
observed in both Smith and Burnt Cabin creeks, tributaries of the North
Fork Coeur d'Alene River. Densities during 1986 ranged from a high of
64.1/100 nf in the North Fork of Hayden Creek to no fish again in Snmith
Creek (Figure 5). Previous investigators have reported cutthroat trout
densities in tributaries of the neighboring St. Joe River, streans sharing
simlar environmental factors (clinmate, land type and topography) which
are generally higher than those | observed in Coeur d' Alene River
tributaries (Tables 3-5). The Hayden Creek drainage was a notable
exception, with 1985 densities of 40.7 and 26.6 and 1986 densities of 68.5
and 39.4 age 1 and older trout per 100 nf in the North Fork and East Fork,
respectively. Fry densities in both streans were too high to accurately

count in 1985. | estimated fry densities in both the North and East forks
of Hayden Creek to be greater than 150 per 100 n? in ny snorkel transects
that year. In 1986, | observed fry densities of 98.5 and 68.7/100 nf in

each stream

Age Structure

Age structures of the fish populations varied slightly anong Coeur
d'Alene River tributaries, but markedly between populations in Hayden
Creek and the remainder of the study streams. Hayden Creek cutthroat trout
popul ations were predomnantly represented by age groups 1+ and 2+,
while populations in the reminder of study streans generally included
nore age 3+ and age 4+ trout (Figure 6).

Habi t at Condi ti ons

Instream trout habitat is suboptinmal in the nmajority of stream study
reaches. Most streans are doninated by shallow riffle and pocket water
habitat types, while relatively small areas of the stream study reaches
were classified as pool or run habitat types preferred by cutthroat trout
(Figure 7). Stream flows in several sections of study streans were too
low to support fish populations by mdsumer. Nicholas, Line, Smth,
Hem ock, Tie, Black Canyon, Scott, Omaha and Al der creeks were too low to
snorkel by md-July. Substantial sections of Picnic, Bootjack and Smth
creeks were dewatered during the sanme period. Excessive bedl oad sedi nent
deposits, conprised of gravel to small cobble-sized particles, in mny
cases filled stream channels, <creating a porous "pad" of substrate
material through which the stream flowed subsurface. Streans that were
characterized by excessive bedl oad sedi nent deposits and retained surface
flows through the sumer were generally poor in fish holding or rearing
habitat and supported | ower densities of fish than did streams with |ower
bedl oad sedinment |evels. Large organic debris (primarily fallen trees),
boul ders and other roughness elenents are conspicuously absent or
i nfrequent in the "habitat poor" stream sections.

15
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Mean densities (per 100 m2) of age 1 and older trout from snorkel observations in Taft-Bell

study streams, northern Idaho, 1985.

Figure 5-a.
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Table 3. Densities of age 1 and older trout (per 100 nf) in sel ected
St. Joe River tributaries, northern |daho.

Stream 19732 19742 19752 1981° 1982°

Big Creek 21.0 16.7 14. 3 6.7 22.9

Mar bl e Creek 2.9 4.4 2.8 1.3 10.0

M ca Creek 8.3 5.3 8. 8 .7

8Thur ow 1976.
bGanbl i n 1984.

Table 4. Summary of fish densities (trout/100 nf) in snorkeling
transects of the Coeur d' Al ene River, |daho, 1984 (Horton 1985).

Cut t hr oat Rai nbow Uni dentified Br ook
Strean trout trout trout trout Tot al
W1l ow 43. 7 43.7
Evans 24.8 24.8
Fortier 42.9 4.3 47. 2
Lat our 6.6 6.6
Cougar Gul ch 18.3 17.5 35.8
W Fk. Steanboat 4.2 4.2
E. Fk. Steanboat 9.8 9.8
St eanboat 0.3 0.5 0.2 0.1 1.1
Coal 9.6 9.6
G aham 0.8 3.2 4.0
Br own 9.2 42. 9 52.1

18
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Table 5. Summary of fish densities (trout/100 nf) in snorkeling
transects in WIf Lodge Creek and tributaries, |daho, 1975
and 1976 (Lukens 1978).

Cutthroat trout Brook trout

Stream 1975 1976 1975 1976
Wl f Lodge Creek 60 32 2 5
Sear chl i ght Creek 287

Stella Creek 83 162 1 14
Mari e Creek 60 93 22 14
C ear Cut Creek 500 227

Lonesone Creek 152 204 15
Cedar Creek 97 6

19
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Substrate Conposition

Fi ne Sedi nents

Sunmary statistics from the analysis of sedinment sanples are
presented in Appendices C and D. In 1985, percentages of sedinent sanples
less than 6.4 mm in dianeter varied anong the study streams from
approximately 152 in Picnic Creek to 401 in Laverne Creek and averaged
242. In 9 of the 21 study streams, sediment less than 6.4 nmin dianmeter
conprised nore than 252 of the substrate. The remaining streams varied
from 15 to 202 of substrate less than 6.4 nm in diameter. Our 1986
sanples had simlar distributions, with the sane trends apparent anong
study streams for high and |ow percentages and nunber of streanms wth
greater than 252 fines.

Substrat e Enbeddedness

Cascade and Omaha creeks had the highest substrate enbeddedness
percentages (36% in 1985 and 24% in 1986, respectively). Hudlow and the
East Fork of Hayden Creek had the | owest substrate enbeddedness (16% each
in 1985 and 1986, respectively). As expected, there is an inverse
rel ati onship between percent enbeddedness neasurenents and percent free
particle observations. The percentage of free particles was greatest in
Hudl ow Creek, 612 and 672 during both years, and |owest in Cascade (27%
and Onaha (512) creeks during 1985 and 1986 (Table 6).

Enbryo Survi val

Predictions of cutthroat trout enbryo survival-to-energence by the
Tappel method and the Fredle index regression equation differed
substantially for both 1985 and 1986 data (Table 7). The Fredle nmethod
consistently predicted |ower survival percentages than the Tappel nmethod
did for identical sedinment sanples. In 1985, the predictive differences
bet ween nethods ranged from 172 to 461 and averaged 301. During 1986, the
spread of differences was 302 to 451, and the average difference was 38%
Bl ack Canyon and Picnic creeks had the highest predicted enbryo survival,
77% each in 1985 and 74% and 76% respectively, in 1986 by the Tappel
met hod. The hi ghest enbryo survival predictions by the Fredle nethod was
for Picnic Creek, 372 in 1985; and Bl ack Canyon Creek, 42%in 1986. The |ow
predi ctions for both nethods were for Laverne Creek (272 in 1985) and Scott
Creek (48% in 1986) by the Tappel nethod; and Laverne Creek (10% in
1985; 17% in 1986) by the Fredl e nethod.

Control vs. Treatnment Observations

Control transects for trout density and sedinent distribution
measurenents were established in upper Cascade and Leiberg creeks. Trout
densities and sedinment distributions from control and treatnent sections
are contrasted in Tables 8- 9. Sedi nent sanples were not collected in 1985

27

COVPREP



Tabl e 6-a. Mean substrate enbeddedness statistics for Taft-Bell nonitoring
streans, northern |daho, 1985.

Strearm Per cent enbeddedness Percent free particles
Al der 31 39
Cedar 19 60
Scott 24 54
Ormaha 25 46
Bl ack Canyon 19 59
Copper 20 61
Laver ne 26 49
Lei berg 29 44
Hem ock 26 52
Tie 20 56
Boot j ack 24 51
Smith 21 51
Skookum 29 35
Picnic 20 61
Cascade 36 27
Burnt Cabin 23 55
Ni chol as 24 36
Hudl ow 16 66
E. Fk. Hayden 28 45
Li ne 19 65
N. Fk. Hayden 34 28
28
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Tabl e 6-b. Mean substrate enbeddedness statistics for Taft-Bell nonitoring

streans, northern |daho, 1986.
Strean Per cent enbeddedness Percent free particles
Al der 23 54
Cedar 19 59
Scott 17 62
Oraha 24 51
Bl ack Canyon 20 58
Copper 14 73
Laver ne 19 54
Lei berg 21 55
Hem ock 21 59
Tie 19 60
Boot j ack 20 56
Smith -- --
Skookum 14 68
Picnic 16 64
Cascade 21 61
Burnt Cabin 21 62
Ni chol as 18 64
Hudl ow 17 67
E. Fk. Hayden 16 66
Li ne 20 62
N. Fk. Hayden 18 62
29
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Tabl e 7-a. Mean percent cutthroat trout enbryo survival -to-emnergence
and Fredl e nethods for Taft - Bel
northern | daho, 1985.

estimates bythe Tappe
noni t ori ng streans,

Mean percentage survival

Stream Tappel estinmate Fredl e estimate D fference
Bl ack Canyon 79 31 48
Picnic 77 37 40
Oraha 64 26 38
Cascade 60 21 39
Li ne 59 25 34
Ni chol as 57 19 38
Al der 54 24 30
Lei berg 51 17 34
Hudl ow 50 18 32
Skookum 50 29 21
Copper 48 20 28
E. Fk. Hayden 43 15 28
Tie 42 17 25
N. Fk. Hayden 41 15 25
Cedar 39 21 18
Boot j ack 37 27 10
Scot t 28 12 16
Laver ne 27 10 17
Hem ock 57 18 39
30
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Tabl e 7-b. Mean percent cutthroat trout enbryo survival-to-enmergence

estimtes by the Tappe
noni tori ng streans,

nort hern | daho, 1986.

and Fredl e nethods for Taft - Bel

Mean percentage surviva

Stream Tappel Estinmate Fredl e Estimate Di fference
Bl ack Canyon 74 42 32
Picnic 76 31 45
Omaha 58 20 38
Cascade 62 25 37
Li ne 55 20 35
Ni chol as 54 20 35
Al der 54 20 34
Lei berg 54 18 36
Hudl ow 68 27 42
Skookum 71 30 41
Copper 56 24 32
E. Fk. Hayden 61 21 40
Tie 55 17 37
N. Fk. Hayden 59 21 38
Cedar 80 35 45
Boot j ack 77 37 41
Scot t 48 17 30
Laver ne 55 19 36
Hem ock 68 25 43
31
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Tabl e 8-a.

Mean val ues by reach for trout densities (fish/100 nmf) in
control and treatnment transects of Cascade Creek, northern | daho,
1985 and 1986.

Fish densities (per 100 nf) fry in parentheses
Transect nunber

Year 1 2 3 4 5
Control Transects
1985 No data coll ected
1986 5 2 -- 9.3 -- 2.2 (6.7) 3.1 (6.2) 2.2 - -
Treat nent Transects
1985 10.0 (4.3) 1.2 (2.3) 2.0 -- -- -- .- .-
1986 3.5 (1.2) 7.4 -- 5.5 -- 1.0 -- -- --
32
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Tabl e 8-b. Mean val ues by reach for trout densities (fish/100 n?) in

control and treatnment transects of Leiberg Creek
1985 and 1986.

nort hern |daho,

Fish densities (per 100 nf) fry in parentheses
Transect nunber

Year 1 2 3 4 5
Control Transects
1985 1.3 (1.3) -- (8.5) 1.7 -- 14.6 (1.9 3.2 (6.4)
\

1986 6.6 (1.7) 11.8 (2.0) 1.7 -- - - -- 1.6 --
Treat nent Transects

1985 11.8 (1.7) 3.1 (6.8) 18.0 (9.9) 15. 8 (4.3 4.6 (4.6

\
1986 7.2 - 7.6 -- 12.1 - - 11.7 -- 3.9 --
33
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Tabl e 9-a. Mean val ues by reach for sedinent distribution in control and

treatnent transects of Cascade Creek, northern |daho, 1985 and
1986. Letter codes designate streamreaches within treatnment and

control stream sections.

Percentage of fine substrate

Reach n so dg fi <0.8 Mm <9.5 mMm <6.4 nm Tappel Fredl e
Control, 1985
A
No data coll ected
B
Control, 1986
A 7 3.0 13.4 4.5 2 40 28 52.3 21.5
B 7 2.8 14.0 4.9 0 37 25 67. 2 23.8
Treat nent, 1985
A 5 3.0 13.4 4.6 6 32 20 34.5 22.0
B 5 2.9 18.3 6.4 7 33 23 29.3 31.7
C 5 3.5 8.5 2.5 2 44 29 49.9 10.6
Treatnent, 1986
A 5 2.6 15.6 6.0 0 30 18 70. 3 29. 4
B 5 3.3 17. 2 5.2 1 27 21 69. 3 25. 4
C 5 3.2 16. 0 5.1 2 33 26 51.9 24.6
34
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Tabl e 9-b. Mean val ues by reach for sedinent distribution in contro
treatment transects of Leiberg Creek,

nort hern | daho,

and
1985 and

1986. Letter codes designate stream sections wthin treatnment

and contro

stream secti ons

Percent age of fine substrate

Reach n o) dg fi <0. 8mMm <9. 5mm <6. 4mm Tappel Fredl e
Control, 1985
A
No data coll ected
B
Control, 1986
A 7 3.3 11.0 3.4 1 42 31 52.2 15.
B 7 3.1 10.2 3.3 1 47 35 47.5 15.
C 6 3.4 12.4 3.6 4 38 28 42.3 16.
Treatment, 1985
A 3 3.5 6.8 2.0 4.3 60. 1 48. 3 19.7 7
B 5 3.4 16.7 4.9 1.4 29. 5 23. 4 65.9 23
C 7 3.5 14.0 4.0 2.0 38.3 29. 5 53. 7 18
Treatment, 1986
A 5 3.3 14.4 4.4 1 35 25 57.5 21.
B 4 3.4 13.5 4.0 2 34 26 51.7 18.
C 4 3.2 13.7 4.3 1 36 27 66.5 20.
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from the Leiberg Creek control section, and neither fish density estimates
nor sedi nent sanples were collected from the Cascade Creek control section
in 1985.

Trout densities in the Cascade Creek control section were higher than
the treatnent section, while the reverse was true for Leiberg Creek.
These differences appear to reflect habitat differences between the stream
sections.

The composition of sedinent sanples from control and treatnent

sections in each stream are simlar, with no distinct differences in
either percent fines or textural conposition.

Spring M grant Monitoring

Ten streans were sanpled from April through June 1986 with a portable
fyke net trap to identify the nost significant streanms for production of
m grant cutthroat trout. Results of those efforts are shown in Table 10.
The North and East forks of Hayden Creek, inportant spawning and rearing
tributaries for Hayden Lake adfluvial cutthroat trout, were included as
sanple streans for conparison with |esser known streams. The greatest
nunmber of migrant juvenile cutthroat trout were captured in Leiberg,
Picnic and the North Fork of Hayden creeks. The nmean length of mgrant
juveniles among sanple streans ranged from 94-158 mm |engths consistent
with expected size groups of mnmigrant adfluvial and fluvial juvenile
cutthroat trout. Catch per unit effort was highest in the North Fork of
Hayden Creek, Leiberg Creek and Picnic Creek.

Trout Density-Sedi nent Rel ati onshi ps

Results of regression analysis of trout densities and five measures
of stream substrate quality indicate there is no relationship between
either the textural qualities of stream substrates or the anounts of fine
sedi nents and trout abundance in our study streans.

Regressing trout densities against percent enbeddedness, percent free
particle incidence, predicted enbryo survival percentages and percent
sedinent less than 6.4 mm in dianeter (Appendices DG resulted in low r?
values and nonsignificant regression coefficients for each conparison
(Figures 8-12).

On-Site Monitoring

1985 Cbservations

W nmonitored three Taft-Bell related instream constructi on activities
during 1985. Early road pioneering and culvert placenent work was
acconplished in the Beaver Creek drainage, Willace Ranger District. This
work crossed Al der Creek, tributary to Beaver Creek, one of our study
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Table 10. Results of

stream trapping efforts for

downstream juvenile trout

mgrants in selected tributaries of the North Fork Coeur d'Al ene
Ri ver, northern Idaho, April to June, 1986.
Nunber Nunber Nunber Mean
ni ghts hour s trout I ength
Strean fished fished caught (m) CPUE
Scot t 1 3 0 0
Laver ne 3 60 3 120 0.05
Copper 4 80 1 158 0.01
Lei berg 4 90 17 115 0.19
Boot j ack 1 20 0 0
Pi cni ¢ 3 66 8 140 0.12
Cascade 3 69 4 94 0.06
Burnt Cabin 1 23 2 152 0.09
E. Fk. Hayden 1 23 2 152 0.09
N. Fk. Hayden 1 21 16 133 0.76
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streans. Culvert replacenment work occurred on the North Fork of Hayden
Creek, and stream channel alteration work was perfornmed below a culvert on
Canyon Forks Creek to inprove fish passage. W made three visits to each
site during construction activities to establish photo points, take photos
and record observations of cut-and-fill slopes, bank stability, entry of
sediments into the stream and any other pertinent observations. The
culvert crossing on Alder Creek was high in the drainage above fl owi ng
water at that tine of year. Cut-and-fill slopes above and bel ow t he

crossing were filter wi ndowed. We did not observe sedinments fromthe road
construction work in the stream channel at that time. Likew se, our
observations at the North Fork Hayden Creek and Canyon Forks Creek
crossings indicated no addition of appreciable anpbunts of sedinent.

1986 Cbservations

The mpjority of the Taft-Bell construction work was conducted in
1986. During that phase of the project, we identified four problem areas
where Taft-Bell construction activities caused sedinent additions to study
streans.

In late June during heavy rains, an inproperly placed road dip in
Forest Road #6904 resulted in overland flow from the road down a fresh
fill slope and into Tie Creek. This erosion occurred over a period of
several days and noticeably discolored the stream flow below its entry
into the stream The BPA contractor corrected the problem by
reconstructing the road dip and constructing a settling basin below the
runoff source within the week. This incident occurred after our core
sanpling in Tie Creek. Consequently, those sedi nent additions are not
reflected in our 1986 sedi ment dat a.

In July on Forest Road #961, a BPA contractor working on a road
crossing on a tributary to Scott Creek inproperly operated heavy equi pnent
in the stream channel. This pushed a |arge anount of loose fill soil into
the stream channel and did damage to the stream channel itself. This
danaged area was |ater stabilized with |oose straw, however, retrieval or
stabilization of the |oose sedinent in the channel was not possible. It
is doubtful that sedinment from this source site was transported into the
mai n Scott Creek channel in 1986. The tributary this occurred in has good
sedi ment storage capacity (primarily by large, woody debris), but nost of
the sedinment was loose fine nmaterial that will eventually make its way
into the Scott Creek channel. Qur 1986 sedinment sanmpling was conpleted
before this incident also.

In Septenber, a BPA-contracted rock-crushing operation adjacent to
Cascade Creek (off Forest Road #379) experienced a tenporary breach in a
retaining wall between Cascade Creek and the excavation pit, which had
coll ected sedinment-laden water. An unknown quantity of fine sedinent was
di scharged into |lower Cascade Creek from this event, again after our 1986
sedi ment sanpling was conpl ete.

I n Novenber during heavy rains, work on Forest Road #1528 in the Todd
Creek drainage (tributary to the East Fork of Hayden Creek) caused a
section of that road to slump into Todd Creek. The stream channel was
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choked with fine sediment and noved |aterally several vyards from its
course prior to the road slunmp. The section of stream affected by the
road slunp is approximately 30 yards in |length. Personnel from BPA, their
contractor, the IPNF and IDFG nmet at the site to review the situation and
agreed on nmethods to stabilize the slunp. Forest Service and BPA

contracting personnel installed rock and straw bale retaining walls,
between the road and stream channel, to hold back any further creep of
soil into the channel. The fill slope fromthe road to the stream channel

was also seeded to stabilize the surface of the slope. The disturbance
site on Todd Creek is at |east one-quarter of a mle above the East Fork
of Hayden Creek. Mvenent of that sedinent through Todd Creek into the
East Fork of Hayden Creek will take tinme, but should be detected by
sedi ment sanpling if it significantly increases fine material in the
m d-sanpling reach of the East Fork of Hayden Creek.

Two other potential sedi nent sources to study streanms were
identified. During November and Decenmber 1986, a rock-crushing operation
near |ower Hayden Creek off Forest Road 1437 contributed a substanti al
ampunt of sedinment runoff to the Hayden Creek floodplain, but did not
reach the stream channel itself. Additionally, Forest Road #1526 adjacent

to Line Creek was wi dened such that the new fill slope toe extends al npst
to the stream channel in several places. There is little margin for error
should the fill slope destabilize at any of those points.

DI SCUSSI ON

This phase of the nonitoring study was intended to design and
implemrent the entire ten-year project. Because our role has been
specialized and prelimnary, the data we present here should be
interpreted as preconstruction observations. As such, these data do not
yet provide a basis for evaluating actual effects of the Taft-Bell
construction project on trout habitat or trout populations in inpacted

streams. The evaluation of what, if any, effects Taft-Bell wll have on
cutthroat trout popul ations should be deferred until an adequate database
is conmpiled over the full term of the study. Because of the dynamc

rel ati onship bet ween streamdwel | i ng trout popul ati ons and their
environnment, a long-term database is necessary to adequately describe
popul ati on responses to environnmental changes. Burns (1971) attenpted to
evaluate the carrying capacity of northern California streans for juvenile
sal noni ds. He concluded that even with three years of baseline data, he
could not attribute changes in carrying capacity under 50% to anything but
nat ural variation.

The role of this report is to characterize the nature of the trout
popul ations, the trout habitat and the sedinent distribution in Taft-Bell
study streans. Wth that perspective, it wll be possible to anticipate
what effects the Taft-Bell project might ultimtely have on those stream
resources and to recommend how best to evaluate the Taft-Bell project for
its effect on the fishery resource.
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Substrate Characteristics

The anpunts of fine sedinent we observed in nost of our study streans
are low or nmoderate relative to deleterious levels of fine sedinment
reported by previous investigators. MCuddin (1977) found that survival -
t 0o- emer gence of chi nook sal non Oncor hynchus t shawyt scha and
steel head trout Salno gairdneri enbryos decreased sharply when their
substrate environnent was conmprised of nore than 20 to 25% sedi nment
smaller than 6.4 mm in dianeter. He reconended that |daho Batholith
streans be managed to limt the amount of sedinment less than 6.4 mm in
di ameter to 25% or less to protect spawning habitat. Only 9 of the 21
streans we sanpled in 1985 and 1986 had nore than 25% sedi nent | ess than
6.4 mm in dianeter. Koski (1975) noted reductions in intragrave
di ssol ved oxygen and chum sal non Oncor hynchus keta enmbryo survival when
sedinent less than 3.3 nmin dianmeter exceeded 35% of spawning substrate.
If expanded to include all material under 6.4 mm (rather than 3.3 nm) in
di ameter, that threshold of fine sedi ment conposition would have been

greater than 35% Koski's observations of linmting |evels of fine
sedi rent are well above the 25%limt recomended by MCuddin (1977) and
the levels we observed in our study streans. The low | evels of fine

sedi ment we have observed are consistent with that expected fromthe
geologic parent material these stream sedinments are derived from The
Belt Series are conparatively unweathered, nonerosive soils which
contribute large particles in greater proportion to fine sedinent
particles (Jerry Neihoff, IPNF soils scientist, personal conmunication;
USFS unpubli shed fl ood danage report 1974).

Substrate particle enmbeddedness measurenents also reflect the |ow
| evels and negligible influence of fine sedinent on trout production in
the study streanms. Unpublished data, collected from the South Fork of the
Sal mon River (central Idaho), were used by D. Burns and R Thurow to
devel op a general relationship between particle enbeddedness and densities
of age 0 and age 1 chinook sal non, steelhead and cutthroat trout (Burns,
per sonal comuni cati on) . They found that salnmonid densities were
i nversely rel ated to particle enbeddedness (r?2=0. 38; regression
coefficient significant at p70.01). As a general rule, they observed that
hi gh salnmonid densities did not occur where enmbeddedness exceeded 35-40%
but did when enmbeddedness |evels were below 30-35% Our data indicate
that particle enbeddedness in Taft-Bell study streans is well below a 30%
threshold (1985: maximunm=36% m ninuntl6% nean=241; 1986: nmaxi num 24%
m ni nrum 14% nmean=19X; Table 7). The relationships reported by Burns and
Thurow are subject to a variety of confounding factors including stream
order, gradient, species response and seeding levels (Chapnman 1987).
Regardl ess  of those shortcom ngs, their data represent the best
understanding of fish densities at high enbeddedness levels in |daho
streams and do provide a good conparison for our data. The relatively |ow
percentages of fine sedinment and substrate enbeddedness are also reflected
in the low r? values from the regressions of fine sedinment and
enbeddedness on trout densities. The absence of statistically significant
rel ati onshi ps between trout densities and fine sedi nent neasurenents, or
indices, is a conpelling indication that under current conditions, fine
sedinent is not linmting trout production in our study streams. Factors
other than fine sedinment are linmting trout production at this tine.
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Trout Abundance

In spite of the relatively low levels of both fine sedinment and
substrate particle enbeddedness, the trout populations we studied are
depressed. The mpjority of streans we surveyed have trout densities bel ow
those of less disturbed northern Idaho streans of simlar size, water
quality and angling pressure. The larger densities of cutthroat trout in
Hayden Creek are exceptions which | attribute to a conbination of higher
seeding levels and better rearing habitat than occur in npbst Coeur d'Al ene
River tributaries. Virtually all of the natural production of wld trout
in Hayden Lake is dependent on Hayden Creek, due to the loss of spawning
and rearing habitat in other Hayden Lake tributaries. The high quality of
spawni ng and rearing habitat in Hayden Creek and its exclusive nature to
Hayden Lake as a spawning and rearing tributary assure Hayden Creek of
| arge annual spawning escapenents and juvenile trout densities. Those
ci rcunstances do not occur in any of the other Taft-Bell study streans.

The comon denoninator anong streams with |ow nunbers of trout
(<5/100 nf) is poor rearing habitat associated with a lack of instream
structure (large organic debris, boul ders and other roughness el enents) and
excessive deposits of large bedload sedinment. Those streans which had
hi gher densities of trout (e.g., Leiberg and Copper creeks) also had
conbi ned pool, run, and glide habitat percentages equal to or greater than
rifflel/pocket water percentages. Even though our stream habitat data are
not extensive enough to allow a firm statistical analysis, a trend is
apparent between percentages of "preferred" trout rearing habitat (pools,
runs and glides) and trout densities.

Whil e the anpbunts of fine sedinment in Coeur d' Al ene River and Hayden
Creek tributaries are below levels expected to limt trout production, the
total sedinment transport in these streams is an apparent problem
Transport of large bedload sedinent (gravel to cobble size material) in
these streams is high, and the sedinment storage capacity, determ ned by
roughness elenents such as fallen trees, root wads or boulders, is |ow.
The scarcity of l|arge roughness elenments and attendant-unchecked transport
of large aihounts of sedinment has resulted in |ow percentages of pools,
runs and instream cover, critical elenments of salnonid rearing habitat in
many northwest rivers and streans (Sullivan et al. 1987; Bisson et al.
1987). Most Taft-Bell study streanms are domi nated by shallow riffle and
pocket water structure less desirable as trout rearing habitat. These
streans are characterized by shallow, w de stream channels wth uniform
bottoms and very low pool to riffle ratios. A one to one ratio of pools
toriffles is generally cited as the convention for good trout habitat
(Platts et al. 1983). Stream channel and substrate diversity are
i nportant conponents of good salmonid habitat and are dependent on
roughness elenments (logs, root wads or boulders) which provide hydraulic
controls and regul ate sedi nent novenent through stream channels (Sullivan
et al. 1987; Lisle 1983; Bilby 1984; Megahan 1976). These key roughness
el ements, crucial to the nmaintanence of good spawni ng and rearing habitat,
are low in abundance in the majority of the study streams. Rearing
habitat is generally in short supply in Taft-Bell study streams and
currently may be the primary determinant of trout densities in those
streans.
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Continuation of Taft-Bell Monitoring

For the remminder of the nonitoring study, several recomendations
are of fered.

The original nmonitoring proposal called for Forest Service personne
to nonitor study streanms every other year for the duration of the ten-year
project. A review of the on-site nonitoring, trout density and m grant
trapping information we collected indicates that some study streanms should
be nonitored every year. Taft-Bell construction activities resulted in
either direct or potential sediment recruitnent to Scott, Tie, Leiberg,
East Fork Hayden and Line creeks. Each of those streans also had high
trout densities relative to other study streams. Leiberg and Hayden
creeks had the highest apparent rates of juvenile cutthroat migration.
Yearly nonitoring will provide a nore adequate assessnent of Taft-Bell
i npacts on those inportant streans.

The wide differences between the survival -to-energence predictions by
Tappel and Fredle nethods make it necessary to select only one of the two
met hods for future use. Considering the relatively poor fit (r?=0.74)
between the enbryo survival rates and Fredle nunbers from which the Fredle
predictive equation was derived (Appendix B), the Tappel equation should
be considered the more reliable of the two nmethods. By contrast, the
predictive equation used by the Tappel nmethod accounted for 94% of the
variance in enbryo survival during its developnment trials. The poorer
performance by the Fredle predictive equation and the disparity between
our Fredle and Tappel survival predictions suggest that further research
will be required to adequately describe the relationship between
intragravel enbryo survival and Fredle nunbers. The Fredle nethod will
continue to provide a useful index of changes in the textural conposition
of streambed sedinents. For exanple, a decline in Fredle values over tine
within a sanple section would indicate an increase in intragravel fine
sedinents and a potential decline in substrate spawning suitability. |
al so recommend the continued use of stream sedinments less than 6.4 mmin
di anmeter as a measure of change in abundance of this detrinmental class of
fine particles.

Substrate enbeddedness measurements should not be used to evaluate
the quality of stream gravels as trout spawning habitat because the
technique is not a sensitive neasure of the vertical distribution of
streanmbed sedinments. Knowi ng how sediments are distributed vertically is
essential to wunderstanding the effects of those sedinents on enbryo
survi val (Lotspeich and Everst 1981). Enbeddedness neasurenents do
however, yield useful data to nonitor changes in fine sedinment recruitnent
(significant increases in fine sedinments should increase enbeddedness
measur enments) and nmay serve as a useful index of invertebrate habitat and

overwi ntering habitat for sal nonids. I nvert ebrate production and the
sal noni d overwi ntering capacity of streanbeds are both inversely rel ated
to substrate enbeddedness (Bjornn et al. 1977). Previous investigators

(Lewynsky and Bjornn 1983) have specul ated that overwintering habitat may
be a limting environnmental factor for cutthroat trout in the North Fork
Coeur d' Alene River dr ai nage. Enbeddedness neasurenments should be
continued to nonitor both sediment recruitment to the study streams and
habitat suitability for invertebrates and overwintering trout.
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In order to deternine whether significant changes to stream resources
have occurred after conpletion of the Taft-Bell project, | reconmend that
statistical conparisons of both trout densities and stream sedi nent data
be enpl oyed.

Smal | sanple sizes for trout densities within stream and between year
conparisons wll preclude the use of parametric statistical tests. For
conparison of trout densities between two years, a Mann-Witney U
nonparanetric test should be enployed. For the conparison of trout
densities anobng several years, the Kruskal-Wallis nonparanetric test wll
be nore appropriate than an anal ysis of variance.

Wthin stream between year conparisons of percent sedinment |ess than
6.4 mm in diameter, Fredle nunbers, geonetric nean values or percent
enbeddedness values may be appropriate by conventional paranetric tests,
such as the group conparison t-test and analysis of variance. The use of
parametric tests would depend on satisifying inmportant assunptions, such
as equality of variances, normally distributed populations, etc. If those
tests may not be enployed because test assunptions are not nmet, then the
distribution-free tests (nonparanetric) nentioned above may be enployed in
their place.

These tests nay be enployed on both pre- and postconstruction
measurenents and treatnment versus control observations. Both categories
of observations (tenporal and spatial) should be conpared in the sane
fashion within the constraints of sanple size, data normality and other
limtations of statistical tests. The effects or lack of effects to test
for are the sanme in each case: increases in particle embeddedness and
fine sedinents, or decreases in predicted enmbryo survival and trout
densities.
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Appendix A. US Forest Service, Idaho Panhandle National Forest, stream habitat
evaluation methods.

STREAM SURVEY | NSTRUCTI ONS June 1987

The primary objectives in perform ng stream surveys are:

1. To identify existing stream habitat conditions: suitabilities,
limting factors, sensitivities;

2. To det erni ne nanagenent needs: i nprovenent projects, riparian
treatnents;

3. To assess the positive and negative effects of |and nmanagenent
activities on a streanis carrying capacities.

The information collected should be conpiled and interpreted within a riparian
managenent plan which will provide long term direction (10 years) for the
managenent of the stream and the associated riparian vegetation.

A stream survey begins by identifying streamreaches. A reach is a section of
stream with the sane potential for biological production and physical
alteration. The stream length included in a reach should have a sinilar
gradient (+ 1%, valley bottom and stream order. A reach should be at |east
1/4 mle long. Initially streans should be divided into reaches using a
topographic map but a nore refined division will be possible when the streamis
surveyed.

Streans are surveyed by wal ki ng each reach and recordi ng data across 5 foot

wi de transects |ocated 50 feet apart. For streans w der than 25 feet, 10 foot

wi de transects may be used at 100 foot intervals. In all cases, at |least 10%
10% of a reach shoul d be surveyed.

In addition to the survey forns, a topographic map should also be used to
conmpile data. A map with a scale of at least 2.64 inches per nmle is
reconmended. The followi ng infornmati on should be noted on the nap:

a) Streamreaches.
b) Trout migration barriers:

Full barrier: FB Culvert: C
Partial barrier:---- PB Debri s: D
Total barrier: T Beaver: B
H gh water barrier: H Fal | s: F
Low water barrier: L Cascade: Ca

c) Debris jans needing treatnent:
If not a barrier: D...
d) Beaver dans:
If not a barrier: B ...
e) Slides, slunps, and other sedi nent sources:
S

f) Significant channel braiding:
Brd ---->
g) Dry lengths of the stream
h) Specific riparian tinber stands which correspond to the
stand designation indicated on the survey form
i) Segnents of the streamactually surveyed if the streamis spot checked.
j) Any other feature which will be useful to | ocate.
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Appendix A. Continued.
FORM__1

Most recent form June 1987 or 06/87.

The following is a brief explanation of the items to be noted on the stream
survey form The itens that are underlined appear as they are noted on the

survey sheet and conputer. The nunmber of spaces on the computer display are
i ndi cat ed.

Sign on to your Data General Conputer

Go to the Infornmation System Area

Choice: # 1. Access Information

Level : #2. Staff

Drawer Nane: FI SH

Fol der Nanme: HABI TATEVALUATI ON

Command: FI SH_MENU Your index key (shift/F2) will display
the commands avail able to you.

ALPHA LOCK - Be sure to have your al pha | ock key on so all stream nanes are in
capitals - insuring consistency in data entry. THI S IS VERY | MPORTANT!

Main Menu: #1. Docunentation Instructions will scroll on the screen. Be
prepared to use your Hold key! To exit
out of the docunentation before it is
conplete Press CTRL C, Then CTRL A

Mai n Menu: # 2. Add/ Change/or Del ete Stream Survey Data
The followi ng screen will appear:

Pl ease Sel ect:

1. Add (new stream

2. Change/lnquire (change existing data)

3. Delete Record (del ete one screen of information) Y
= screen will be deleted
N = screen will not be del eted

4. Print Record (not available at this tinme)

TO CANCEL OUT: Must be at the beginning of screen or the end of a screen. Press
the function key F8. That will back you out one screen at a tine. The second F8
takes you to -Main Menu-. From here you can select #7 (when doing a deflected
access into the SO #9 is exit) to exit out of the program back to the comrand
level in IS CTRL/SH FT'/F1 takes you off the systemfromthe command |evel.

BREAK ESC This is used when you are entering data to a site. If you nake
m st akes (especially on line 1) and wish to start this site over. Press the

BREAK ESC button - you will be pronpted at the bottom of the screen that RECORD
NOT PROCESSED PRESS CR. Just hit new line and proceed to enter the record
agai n.
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Appendix A. Continued.
Dstrict # 2 spaces

8.

(nuneric code)

01 m wallace 06 = Sandpoi nt

02 = Avery 07 = Bonners Ferry
03 = Fernan 08 = Priest Lake
04 vSt. Maries 09 = Red | ves

Stream #: 3 spaces - Each stream should have its own nunber. The nunber used

shoul d be recorded on the file, formand on a streamindex devel oped by the
district.

Reach #: 2 spaces - Reaches are streamsegnents with the sane gradient (<2%
2to 4%, 5to 9%, >10%, streamorder and channel type.

Site # 3 spaces - Designates survey site nunber. (Data Entry: NOTE the
nunber you give the site on the survey. forns in pencil.)

Conputer Note - After hitting New line you are able to F7 down to #13
Habitat Type. Wse this after first site informati on has been entered.

Stream Nane: 20 spaces - Please use NF, E for exanple to designate North
Fork or East for consisitancy al so, DO NOT use Oreek as part of nane.

Date: 6 spaces - Sel f-explanatory
Forest #: 2 spaces - 04 for |daho Panhandl e
Hevation Start: 5 spaces - Hevations at the start and end of the reach

wll be determned from topography naps (nureric in feet). Atinmeters wll
be used to | ocate features within the reach.

H evation End: 5 spaces - The el evation of the ending point of the stream

reach surveyed (nuneric in feet).

Total Reach Distance: 5 spaces - (taken off map total distance in feet)

Using a Planimeter, and a 7.5 mnute map, code to enter is 2000. Wsing a
Pl animeter on a 1" to the nile map code is 5208.

ON MAP - Check map scal e with nmap wheel

If using a map wheel to determine the distance, use the cal cul ati ons bel ow

If map scale = 1 inch/1 nile, Then
Total inches x 5280 ft. = Reach distance in feet 1

If map scale = 4 inches/1 mle, Then
Total inches x5280 ft. = Reach distance in feet 4

If map scale = 2.64 inches/1 mle, Then

Total inches x5280 ft. = Reach distance in feet
2.64
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Appendix A. Continued.
8. Valley Bottom: 1 space - Select the appropriate valley bottom type

VALLEY
numeric code: CODE  BOTTOM DESCRIPTION
1 \/ The valley side slopes restrict the
meander pattern of the stream.
2 \_/ The valley side slopes influence the

meander pattern of the stream.
The valley side slopes rarely influence
the meander pattern of the stream.

9. Channel Type: 2 spaces - Select the appropriate channel type

CHANNEL VALLEY
numeric code: CODE TYPE GRADIENT BOTTOM
01 A >5% \/
02 B 2-5% \_/
03 C 1%
10. Stream Order: 1 space - numeric - 1, 2, 3, or 4, Stream order is based on a

hydrologic system in which all channels {(both intermittent and gnnual) are
considered. Map scales of 2.64 inches/mile (7 1/2 minute) will be the
standard maps used in determining stream order.

11. Stream Tenperature: 2 spaces - numeric in degrees centigrade

Formul a: (Degrees F - 32) x 5/9 = Degrees C

12. Air Tenperature: 2 spaces - nuneric in degrees centigrade
13. Habitat Type: 3 spaces - nuneric code

001 =d ass 1 pooal 005 = Run

002 =d ass 2 pool 006 = Pocket wat er
003 = d ass 3 pool 007= dide

004 = d ass 4 pool 008= Riffle

Pool s: Pools are basins or depressions in the channel caused by the scouring
of high flows. Low surface velocities exist. Pools end where the stream

bot t om appr oaches or contacts the water surface (pool tailout) and therefore
may i nclude sonme glide or run.

Pool s should be rated according to their area, depth, and in stream cover.
These three paraneters shoul d be eval uated and assigned points based on the
criteria listed on Table #1. The pool class can then be deternmined fromthe
sum of these points according to the follow ng scal e:

TOTAL PO NTS PO QLASSES
8-9

IS N
AW N R

-6
-5

The total of five points for dass #3 pools nust include two points for depth
and two points for cover. The nunber of each pool class should be recorded
for a length of streamwi thin the segnent being surveyed.

Foam and surface turbul ence should not be used in rating pool cover, however

if these cover types are significant they could be noted on the field form as
"Cover Oher" and identified in the "Remarks" section.
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Appendix A. Continued.
TABLE #1

PARAMETER DESCRIPTION POINTS

AREA The I ength or width of the pool is 50% 3
| arger than the average stream wi dth.

The length or width of the pool is nearly 2
equal to the average stream wi dth.

The length or width of the pool is 50% 1
snmal | er than the average stream wi dth.

DEPTH The deepest part of the pool is greater 3
than three feet deep.

The deepest part of the pool is twd to 2
three feet deep.

The deepest part of the pool is |ess 1
than two feet deep.

COVER > 50% (Abundant cover) 3
25 -49% (Partial cover) 2
< 25% ( Exposed) 1

Run: Run is a habitat type with lamnar flow where the surface of the water
is not disturbed by the surface of the stream bottom The depth is generally

deeper than a riffle or pocketwater and the current is less than in a pool.

Pocket water: Pocketwater is a stream segment with boulders (greater than 1
foot in dianmeter) or scattered obstruction throughout what otherw se could be
considered riffle. The obstructions, wusually boulders, wth eddy currents

create nunmerous snmall pools. At least 25% of the stream segnent nust

conprised of pockets (not including the obstructions) to be considered
pocketwat er. Pocketwater is nornmally on steeper gradients relative to other

habitat type in the reach.

Gide: Gides are run areas with velocities generally less than

foot/second, and a snmooth surface. Water depth is generally less than 2

f oot .

Riffle: R ffles are shallow water areas of higher velocities where

surface of the water is disturbed by the surface of the stream bottom The
gradient is steeper relative to other habitat types in the reach, and the

surface is turbulent (white water areas). Stream depth is generally |ess
than encountered in a pool or run.

VWere 2 or nore habitat types or split channels are encountered at the sanme
site, information should be collected for each habitat type using a separate

line for each habitat type (see Length, below). Braided channels should be
noted in the Remarks and of the field map.
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Appendi x A. Conti nued.

POOL G.I DE RUN POCKETWATER Rl FFLE
Current: None Low Yes Yes Yes
Depth (relative): Mbst Low/ Mbd Mod Low/ Mod Low
Qbstructions: > 25% > 25%
(Boul ders >1 foot)
Gr adi ent : Lower Lower Hi gher Hi gher Hi gher
14. Length (nunmeric): 3spaces - length of the transect in feet. This will

usually be 5 feet except on streams wi der than 25 feet or where multiple
habitats are encountered. For streanms w der than 25 feet, transects |onger
than 5 feet should be used. A greater distance between transects should
al so be adopted. The di stance and | ength adopted should insure that at |east
10% of the reach is surveyed.

If nmore than one habitat type exists across a transect, information for each
habitat type should be recorded separately. The |length used should be based
on the percentage of the channel w dth occupied by the habitat type.

Percent of the Tot al
Channel Wdth Lengt h Recor ded
20

40
60
80

A OWN PR

15. Wdth(nuneric): 2 spaces - Wdth neasurenents should be taken at all sites
in feet. The wetted width and not the physical channel w dth should be
measured. The width of the watered stream channel (present) channel should
be measured at a 90 degree angle to the stream flow. The nmeasurenents shoul d
be entered on the form according to the appropriate stream condition (pool,
riffle, run). Actual w dth measurenents should be taken for each habitat

type, at least 5to 10 neasured in a reach and the others can be esti mated.

16. Percent G adient: 2 spaces - nunmeric code, e.g. 01 = 1% 10 = 10% G adients
shoul d be neasured at randomly selected sites along the survey. From 5to 10
gradi ent measurements should be made for each reach. Cli nometer
measur enent s shoul d be taken regularly to determnmine the overall

gradient. Do not enter the gradient if it is over 35%.

17. Pool Creator: 2 spaces - nuneric code, The factors causing the pools recorded
above shoul d be indicated. BE SURE TO ENTER A CREATOR FOR A POOL.

01 = Large organic material (logs root wads) 04 = Beaver dans

02 = Boul ders, bedrock 05 = O her

03= Meanders, bank (note in remarks)
18-22. Cover Components (%: 2 spaces - nuneric code as a percent of the stream

area in pools, run, or pocketwater which has cover provided by the cover
types noted. Do not consider cover in riffles. Only logs, undercut banks and
vegetation within 1 1/2 feet of the stream surface would be considered as
cover.
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Appendix A. Continued.

18.
19.

20.

21.

22.

23.

24,

25.

26.

Large Organic Material (logs, root wads)
Boul ders, bedrock (please note in remarks if bedrock)

Under cut Bank

Over hangi ng Veget ati on Over hangi ng vegetation that acts as cover for fish,
extendi ng over water and within 18" of stream surface.
O her * Note in type in renmarks

EXAMPLE:
00 = 0%
05 = 5%
50 = 50%

*98 = 100% not enough space for 100- ALSO conputer reads 99 as end
of data entry for the reach.

O her Cover-Type: 2 spaces - numeric code

01. = Depth (contact S. O before establishing new cover type)
02 = Aquatic Vegetation

Spawning__ Sites Nunber: 2 spaces - total NUMBER (Not Area) of spawning sites
for each habitat where they are found.

01 = 1 spawning site 10
= 10 spawning sites

Spawni ng habitat: The nunber of suitable spawning sites present in the
habitat type. As a generalization, suitable spawning habitat for cutthroat,
bull, rainbow, and brook trout wll be considered a mnimm area of two
square feet areas consisting of gravels between 0.5 and 3 inches and with
velocities between 0.5 and 3 foot per second. The bed size is a mnimmof 4
feet square and usually located at pool tailouts or along banks. If this
definition is not appropriate for the population using the stream the
exception should be noted on the form and percentage of the stream area in
this exceptional condition should be recorded. (See additional information). If
| arge continuous gravel beds are encountered each site should be considered
25 feet square

Spawning Site Creator: 2 spaces - nuneric code - structure that fornmed the
spawni ng site. * BE SURE TO ENTER A CREATOR FOR SPAWNI NG SI TE.

01 = Large organic materi al 04 = G adient
02 = Boul ders, bedrock 05 = Braiding
03 = Meanders, bank 06 = Gt her (note in remarks)

Pool s shoul d not be considered as a spawning site creator. Rather the feature
which is responsible for the pool should be noted.

Percent Fines: 2 spaces - nuneric code - % fines neasured in the spawning
site area; a mnimum of 5 sanples/reach should be done. The percentage of
1/4" and smaller materials in the first 3 to 4 inches of the spawning site
shoul d be esti mat ed.

01 = 1% 10 = 10% etc.
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Appendix A. Continued.

27. Fines-Method: 2 spaces - nuneric code - the method used in nmeasuring fines.

01 Ccul ar
02 = Box Sieve
03 = Core Sanple

The Habsum data base has 3 screens. The third is used to enter energence success
estimates. The colums are set up for species specific estimtes and the rows
i ndicate the nethod used to derive the estimate

SCREEN 3
EMERGENCE: CUTTHROAT RAI NBOW BULLTROUT BROOKTROUT KOKANEE OTHER
METHOD 1: 1. 2. 3. 4. 5. 6.
METHOD 2: 7. 8. 9. 10. 11. 12.

Method 1 is based upon Bjornn and Irving's, (1984) relationships using 1/4" fines
and the box sieves.

Met hod 2 is based upon Bjornn and Irving's, (1980) relationships using 0.85 nmm
and 9.5 nmm box si eves.

Method 6 is based upon Bjornn and Irving's, (1984) relationships using 1/4" fines
fromcore sanple

Method 7 is based upon Bjornn and Irving's, (1984) relationships using 0.85 nmm
and 9.5 nm si eve and core sanpl es.

Met hod 10 row is reserved for the energence estimate based on the Forest Plan
survival curve (Entry Nunmber 55). Entries 56 - 60 can be used to evaluate
survival levels resulting from project alternatives.

Met hods 3, 4, 5, 8, and 9 have not been identified but will be in future.

28 & 29 Remarks - space available (Enter surveyor's remarks e.g. sedinent
sources, habitat inprovenment projects, data collected from core sanples,
ocul ar, box sieve. Please also note fish species, quantity and sizes
The features such as debris jans, slides, and channel braiding should be
noted in the remarks section and on the survey nap.

Computer Note CTRL E - will allow you to insert space if needed between
words, on allotted line. CTRL F noves cursor to next word. CTRL B noves
cursor back.

30. CODE: 0 (LEAVE BLANK!) USED TO MARK END OF DATA BASE BY COVPUTER

Any Changes? Opportunity to change incorrect information except for |ine #1.
Enter field nunber, NEWLINE, then the change to be made.

At the end of each streamreach enter another site nunber. From #13 - #27
enter all spaces with 9's to signal conputer end of reach

#28 & 29 enter 99. #30 CODE: 0 (LEAVE BLANK!).
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Appendix A. Continued.

EORM 2

Sanple # : Bottomnaterials shoul d be sanpl ed when w dth. measurenents are taken
on riffles and runs. Record a sanple nunber on form# 1 beside the

appropriate width sanple. This nunber should then be recorded in the
first colum of Form 2.

Habi tat Type: Sane nuneric codes as on Form 1.

Wdth: Streamwi dth (Record to the nearest Foot)

Dept h: The depth of the stream should be taken at points in the mddl e and one
quarter of the streamw dth from each bank. The sum of these readi ngs
should be divided by four (4) to account for the "0" depth readi ng at
the banks. Entries should be nmade in the appropriate box (pool, run,
and riffle).

Depth 1/4 - Depth hal fway between bank and the center of the stream
(Record to the nearest inch)

Depth 1/2 - Depth in the center of the stream
Depth 3/4 - Sanme as 1/4 but on other side of the creek.

Vel ocity: Velocity should be determ ned by using a pygmy neter or other
establ i shed devices, or by noting the time required for a reference
point in a stream (weighted float, stick. etc.) to be carried a set
di stance down the channel.

Measur ements should be taken in the mddle of the stream and one
quarter of the stream wi dth from each bank. The average of these
measur ements shoul d be recorded.

Bottom Materials: The percentage of each bottom nmaterial size group located in

pools, riffles, and runs (if they are all present) should be
esti mat ed.

%day / St - %of streambottomwhich is conposed of clay or silt

% Sand - Sane as above for sand

%.1to .25 - %Fine gravel 1/10 of an inch in size to 1/4 of an inch
% .25 to 3 - % Coarse gravel 1/4 of an inch to 3 inches in size %
3" to 6" - & Small Rubble 3" to 6" in size

% 6" to 12" - % Large Rubble 6" to 12"

% Boul der

% Bedrock - Total of %day/S It thru % Bedrock should add up to 100%
% Aqua Veg - % of stream bottomwi th aquatiac vegetation

Aguatic Vegetation: The relative abundance of submerged or emergent, aquatic

vegetation should be indicated according to the follow ng
scal e:

Abundant (A > Conmon (C) > Present (P)
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Appendix A. Continued.

Embeddeness: The percent embeddedness of the gravels in the spawning sites
should be assessed according to the following descriptions:

Vol ure: Vol une neasurenents shoul d be nmade based upon the above data using the
foll owing fornul a:

Q= (W (D) (V) 0.8 or 0.9 =

Were: Q = Discharge in cubic feet per second
W= Wdth of the streamin feet D =

Depth of the streamin feet

V = Velocity of the streamflow in feet per second

0.8 = The correction factor for streans with an irregul ar,

rocky bottom

0.9

The correction factor for streans with a snooth, sandy
bott om
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Appendix A. Continued.

Rl PARI AN STANDS:

Stand Nunber: Enter nuneric - A variety of vegetative stands may be encountered
on the streanbanks in a particular reach. A nunber, letter or
el evation should be used to identify each stand. The nunber or

letter should al so be noted on the topography map used during the
survey.

Starting Hevation: Enter numeric

Endi ng El evation: Enter nuneric

Succesional Stage - 01 Seedling Newy planted clearcuts with trees |ess than
four and one-half feet tall (1 to 10 year
ol d managed st and)

02 Sapling Trees four and one-half tall or greater but
with an average DBH less than 5 inches (10
to 40 year-ol d manages stand)

03 Pol e Trees with an average DBH of 5 to 9 inches
(40 to 70 year old stand)

nAa I tmmmd s i A~ Tw A~ var d i A A A A A mNll ~f ~ HEE PN + ~ 1 A

100 yéérh- ol d manages st and)

05 Mature Trees with an average DBH of 14 to 20 inches
(100 to 160 year-old nanaged stand)

06 4 d- Trees with an average DBH exceedi ng 20 i nches
Growth or over 160 years in age

07 Meadow

08 Low Shrub Shrubfields with an average hei ght of |ess
than 6 feet

09 H gh-Shrub Shrubfields with an average hei ght of greater
than 6 feet

10 Meadow Ti nber Mosaic

11 Low Shrub/ Ti nber Mbsaic

AA e L /LT

- L T

Diversity: 1 - Low One age cl ass
2 - Mbderate Two age classes (Overstory with a managabl e
3 - Hgh

Nurrer ous age cl asses, good interspersion
Logged: 1 - Unl ogged

2 - Cearcut

3 - Partial Cut 62
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Appendix A. Continued.

Maj or Tree Species: Record letter code AF, WHL C, WP, L, S, LP, MH, OF, DO
etc.

AVG DBH: Estimate average DBH to the nearest inch

AVG HGT: Estimate average stand height, to the nearest foot

Mortality: 1 - Low Little evidence of nortality
2 - Moderate Sonme evi dence of diseased or high risk trees
3 - High Nunerous dead trees. Lots of evidence of disease

or high risk trees.

Maj or  Shrub Species: Record mmjor species which represent the predoni nant
character of the area. Use four or five letter species
codes like those found in the Field Guide to Forest Plants
of North Idaho. For exanple:

Shr ubs ACGL Mount ai n Mapl e SASC Scoul er WII ow
ALNUS Al der OPHO Devils Club
ANMAL Servi ceberry VEFE Menzi esi a
COosT Red GCsi er Dogwood
For bs HELA Cow Parsnip ANAR2 Angel i ca
VEGA Fal se Hell ebore LI CA2 Li cori ce Root
Gam noi ds GRASS Don't worry about species, but put down if you
know it
Sedges SEDGE Again don't worry about species

Ri parian Wdth: Average width of the riparian zone to the nearest foot

_ Side Slope: Appoximate the gradient of the valley sideslopes

Limting Factors: Factors which appear to be responsible for limting trout
production, habitat suitability and/or habitat wutilization
shoul d be not ed.

Reconmended Projects: Possible stream habitat inprovement projects should be
item zed. The size of the project, nmanpower needs, and
equi pnrent requirenments should be included. (Sedinent
source stabilization, pool structures, tree felling,
bl ock renoval, etc.)

Landmar ks: Geographic features which will aid in |ocating where the survey was
begun and where it ended shoul d be indicat ed.

I nvestigator: The individuals who perforned the survey should be listed. In case
the need arises for additional questions.

63
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Appendi x B. Sal nonid Enbryo Survival Estinmators

Tappel Method (Tappel and Bjornn 1981)

The Tappel nmethod is predicated on a log-linear distribution of
streamsorted sedinments and uses the percentage of sanpled substrate |ess
than 0.85mm and 9.2mm in dianmeter in a regression equation which predicts
enbryo survival from the sedinent mxtures described by those two particle
sizes, based on a linear distribution. Wth this nethod, | used equations
devel oped for cutthroat trout enbryo survival by Irving and Bjornn (1984):

Percent survival = 102.83 - 0.838 (%9.5) - 9.29 (% 0. 85)
+ 0.386 (% 0.85)?

r2 =10.94
% 0.85 = percent sedinment less than 0.85 mm
% 9.5 = percent sedinment less than 9.5 mm

Fredl e I ndex (Lotspeich and Everest 1981)

The Fredle index is based on the relationship between salnonid enbryo
survival and the Fredle nunmber (fi). The Fredle nunber is a neasure of
the porosity and perneability of stream substrates, characteristics which
are primary deternminents of salnonid enbryo survival-to-enmergence. The
Fredle statistic is derived by dividing the geometric nmean (dg) by the
sorting coefficient (So) of the stream substrate sanple. Because dg is
directly proportional and S, is inversely proportional to sedinment

porosity and perneability, f, is a proportional neasure of substrate
porosity and perneability. Consequently as f;, increases, so does enbryo
survival .

To estimate cutthroat trout enbryo survival using the Fredle index, |
devel oped a predictive |least squares linear regression equation using
known Fredle nunbers and enmbryo survival percentages for identical gravel
m xtures reported by Tappel (1981) and Irving and Bjornn (1984).

Percent survival = -2.94 + 5.42 (f;)
r2=0.74
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Appendix C. Summary statistics fromanal ysis of substrate core sanples
collected from Taft-Bell nonitoring streans, northern
| daho, 1985. Reported val ues are neans.

Percentage of fine substrate

Stream n S, dg fi <0.8 Mm <9.5 mm <6.4 mm
Al der 10 2.95 14. 19 5.00 3.5 28.8 19.9
Bl ack Canyon 15 2.85 17.16 6. 26 0.6 24.5 12.9
Boot j ack 15 5.52 2.88 5.52 3.1 34.8 24.8
Burnt Cabin 15 4.25 2.98 4.25 2.2 38.6 26.5
Cascade 14 4.47 3.10 4.47 1.6 34.4 20. 7
Cedar 15 4. 44 3.13 4. 44 3.1 30.0 23.2
Copper 15 4.26 3.29 4.26 3.4 29.0 19.3
E. Fk. Hayden 15 3.36 3.55 3.36 3.6 37.6 28.2
Hem ock 9 3.92 3.03 3.92 1.4 41. 3 29.8
Hudl ow 15 3.29 12.55 3.85 2.8 36.9 26. 8
Laver ne 15 3.45 8.32 2.42 4.4 50.1 40. 3
Lei berg 15 3.44 12.52 3. 64 2.7 42.6 31.2
Li ne 14 2.94 14. 66 5.14 2.3 29.9 19.9
Ni chol as 13 3.35 13. 03 3.98 2.0 34.8 24.6
N. Fk. Hayden 15 3.19 10. 22 3.31 3.8 39.5 28.1
Oraha 13 2.61 13. 48 5.31 1.1 34.5 23.7
Pi cnic 15 2.75 19.71 7.42 0.8 21. 7 14. 7
Scot t 12 3. 68 9.97 2.76 4.9 44.5 34.2
Skookum 15 2.68 15. 47 5.84 2.2 26.1 15.8
Smith 5 2.87 15. 34 5.43 1.5 30.7 19.5
Tie 14 3.14 11.61 3. 68 2.5 44.5 30.5
LEGEND:

=}
1

sampl e size
sorting coefficient
geonetric mean

dg/ so

o
T Q
([T

65
COVPREP



Appendi x D. Sumary statistics fromanalysis of substrate core sanples
collected fromTaft-Bell nonitoring streanms, northern |daho,
1986. Reported val ues are neans.

Percentage of fine substrate

Stream n S, dg fi <0.8 m”Mm <9.5 mm <6.4 mm
Al der 7 3.4 14.0 4.1 2.5 33.0 25.5
Bl ack Canyon 12 2.7 17.7 6.8 1.0 26.0 16.5
Boot j ack 15 2.5 17.8 7.3 0 26.0 16.0
Burnt Cabin 19 3.3 13.8 4.2 1.0 36.0 27.0
Cascade 29 3.0 15.2 5.1 1.7 33. 4 24.0
Cedar 8 2.8 18.7 7.0 0 24.3 22.7
Copper 14 3.3 16. 4 5.0 2.7 26.7 19.7
E. Fk. Hayden 15 3.0 13.1 4.4 1.0 36.0 25.3
Hem ock 11 2.7 13.9 5.2 0 37.0 24.0
Hudl ow 14 2.9 15.6 5.5 2.0 30.0 20. 3
Laver ne 17 3.5 13.9 4.0 2.0 36.7 28. 7
Lei berg 33 3.3 12.5 3.8 1.3 38.5 28.0
Li ne 14 3.2 13.3 4.2 2.0 33.0 23.0
Ni chol as 10 3.1 7.2 8.0 1.6 35.6 24.8
N. Fk. Hayden 17 3.2 13.9 4.4 1.5 32.3 23.8
Omaha 10 3.1 12.5 4.2 2.0 40.0 28.0
Pi cnic 15 2.8 17.3 6.2 1.0 25.0 17.7
Scot t 12 3.7 13. 4 3.7 2.7 34.7 26.0
Skookum 15 3.0 17.9 6.0 1.0 22.3 15.7
Smith 10 2.8 17.5 6.3 1.0 24.5 15.5
Tie 13 3.3 12.3 3.7 1.7 39.0 28.0
LEGEND:

n = sanpl e size

sorting coefficient
geonetric nean
dg/ So

o
T Q
o
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Appendi x E. Mean substrate enbeddedness, free particle incidence and
overyearling trout densities in Taft-Bell nonitoring streans,
northern | daho, 1985.

Per cent Per cent Overyearling
Stream enbeddedness free particles trout/ 100 n?
Hudl ow 16 66 8.1
Cedar 19 59 1.2
Li ne 19 65 4.9
Bl ack Canyon 19 59 10. 3
Copper 20 61 12.5
Tie 20 56 6.2
Picnic 20 61 6.3
Smith 21 51 0.0
Burnt Cabin 23 55 0.0
Ni chol as 24 36 5.1
Boot j ack 24 51 2.1
Scott 24 54 10. 2
Ormaha 25 46 7.9
Laver ne 26 49 4.4
Her ock 26 52 2.5
Lei berg 29 44 8.1
Skookum 29 35 0.9
E. Fk. Hayden 28 45 26. 6
Al der 31 39 2.9
N. Fk. Hayden 34 28 46. 7
Cascade 36 27 5.2
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Appendi x F. Mean substrate enbeddedness,
overyearling trout densities in Taft-Bell
nort hern | daho, 1986.

free particle incidence and

nmoni toring streans,

Per cent Per cent Qveryearling
Strean enbeddedness free particles trout/100 n?
Hudl ow 17 67
Cedar 19 59 0.7
Li ne 20 62 29.9
Bl ack Canyon 20 58 12.4
Copper 14 73 14.0
Tie 19 60 13. 1
Pi cni c 16 64 9.4
Burnt Cabin 21 62 - -
Ni chol as 18 64 5.2
Boot j ack 20 56 1.3
Scot t 17 62 7.9
Omaha 24 51 18. 3
Laver ne 19 54 4.4
Heml ock 21 59 6.1
Lei berg 21 55 6.8
Skookum 14 68 - -
E. Fk. Hayden 16 66 39.4
Al der 23 54 5.0
N. Fk. Hayden 18 62 60. 8
Cascade 21 61 3.8
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Appendi x G Mean percent cutthroat trout enbryo survival estimtes
(Tappel method) and observed overyearling cutthroat trout
densities in Taft-Bell nonitoring streans, northern |daho,

1985.
Percent enbryo
Stream survi val Overyearling/ 100 n?
Bl ack Canyon 77 10. 3
Pi cni c 77 7.5
Oraha 64 7.9
Cascade 60 2.6
Li ne 58 4.9
Ni chol as 57 5.1
Hem ock 56 2.5
Al der 51 2.3
Lei berg 45 8.0
Hudl ow 49 8.1
Skookum 62 0.4
Copper 51 8.9
E. Fk. Hayden 43 24.5
Tie 45 5.8
N. Fk. Hayden 41 46.7
Cedar 53 0.5
Boot j ack 49 2.1
Scot t 29 10. 2
Laver ne 27 4.4
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Appendi x H. Mean percent cutthroat trout enmbryo survival estinates
(Tappel nethod) and observed overyearling cutthroat trout
densities in Taft-Bell nonitoring streans, northern |daho,

1986.
Percent enbryo
St ream survi val Overyearling/ 100 nf
Bl ack Canyon 74 12. 4
Pi cni c 76 9.4
Omaha 58 18. 3
Cascade 62 3.8
Li ne 55 29.9
Ni chol as 54 5.2
Henml ock 68 6.1
Al der 54 5.0
Lei berg 54 6.8
Copper 56 14.0
E. Fk. Hayden 61 35.2
Tie 55 13. 4
N. Fk. Hayden 59 56. 6
Cedar 80 0.0
Boot j ack 72 1.3
Scott 48 7.9
Laver ne 55 4.4
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Appendi x |. Mean percent cutthroat trout enmbryo survival estinates.
(Fredl e met hod) and observed overyearling cutthroat trout
densities in Taft-Bell nonitoring streans, northern I|daho,

1985.
Percent enbryo
St ream survi val Overyearling/ 100 nt
Picnic 37 7.5
Bl ack Canyon 31 10. 3
Skookum 29 0.4
Boot j ack 27 2.1
Omaha 26 7.9
Smith 26 0.0
Li ne 25 4.9
Al der 24 2.3
Cascade 21 2.6
Cedar 21 0.5
Burnt Cabin 20 0.0
Copper 20 8.9
Ni chol as 19 5.1
Hem ock 18 2.5
Hudl ow 18 8.1
Lei berg 17 8.0
Tie 17 5.8
E. Fk. Hayden 15 24.5
N. Fk. Hayden 15 46. 7
Scot t 12 10. 2
Laver ne 10 4.4
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Appendi x J. Mean percent cutthroat trout enmbryo survival estimates
(Fredl e nethod) and observed overyearling cutthroat trout
densities in Taft-Bell nonitoring streams, northern Idaho,

1986.
Percent enbryo
St ream survi val Overyearling/ 100 nf
Pi cni c 31 9.4
Bl ack Canyon 42 12. 4
Boot j ack 37 1.3
Omaha 20 18.3
Li ne 20 29.9
Al der 20 5.0
Cascade 25 3.8
Cedar 35 1.0
Copper 24 14.0
Ni chol as 20 5.2
Hem ock 25 6.1
Lei berg 18 6.8
Tie 17 13.1
E. Fk. Hayden 21 35.2
N. Fk. Hayden 21 56. 6
Scott 17 7.9
Laver ne 19 4.4
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Appendi x K. Mean val ues for percent of substrate core sanples |ess than
6.4 mmin dianeter and overyearling trout densities in Taft - Bel
nonitoring streans, northern |daho, 1985.

Per cent
Stream sedi ment <6.4 mm Overyearling/ 100 n?
Bl ack Canyon 12.9 10.3
Pi cni c 14.7 6.3
Skookum 15. 8 0.9
Copper 19.3 12.5
Al der 19.9 2.9
Li ne 19.9 4.9
Omaha 23.7 7.9
Cascade 20.7 5.2
Cedar 23.2 1.2
Ni chol as 24.6 5.1
Boot j ack 24.8 2.1
Hudl ow 26. 8 8.1
N. Fk. Hayden 28.1 46. 7
E. Fk. Hayden 28.2 26. 6
Hem ock 29.8 2.5
Tie 30.5 6.2
Lei berg 31.2 8.1
Scot t 34.2 10. 2
Laver ne 40. 3 4.4
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Appendi x L. Mean values for percent of substrate core sanples |ess than
6.4 mmin dianmeter and overyearling cutthroat trout densities
in Taft-Bell monitoring streams, northern |daho, 1986.

Per cent
Stream sedi ment <6.4 mm Overyearling/ 100 n?
Bl ack Canyon 17. 12. 4
Pi cnic 18. 9.4
Skookum 16. - -
Copper 19. 14.0
Al der 26. 5.0
Li ne 23. 29.9
Omaha 28. 18.3
Cascade 24. 3.8
Cedar 16. 1.0
Ni chol as 28. 5.2
Boot j ack 16. 1.3
Hudl ow 20.
N. Fk. Havden 23. 68.5
E. Fk. Hayden 25. 39.4
Henl ock 24, 6.1
Tie 28. 13. 4
Lei berg 28. 6.8
Scott 26. 7.9
Laver ne 29.
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